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SYNCHRONIZATION DEVICE AND DEVICE 
FOR GENERATING A SYNCHRONIZATION 

SIGNAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to synchronizing a receiver 

and a transmitter in digital transmission systems. 
2. Description of Prior Art 
In digital transmission systems, the information bits to be 

transmitted are combined into information blocks, each infor 
mation block corresponding to a frame structure. Each infor 
mation block includes, in addition to the information bits, a 
number of additional information bits necessary for effecting 
the data transmission. 

Since the information sent out can be detected With a 
receiver, in addition to retrieving a sampling clock, it is also 
necessary to determine the point in time at Which point a 
respective information block is received. In other Words, a 
block synchronization must be conducted in the receiver so as 
to synchronize the receiver and the transmitter relative to each 
other. 

In order to achieve synchronization, a transmitter sends 
out, for example, a synchronization signal knoWn to the 
receiver. In the receiver, a receive signal, Which includes the 
synchronization signal, is processed to detect a position of the 
synchronization signal in the receive signal, and/or to detect a 
time of occurrence of the synchronization signal. To this end, 
a cross-correlation may be conducted, for example, betWeen 
the receive signal and a copy of the synchronization signal so 
as to ?nd the synchronization signal in the receive signal. 
Since it is necessary, for accurately determining a position, to 
send out a broad-band synchronization signal, determining a 
position is associated With considerable computing complex 
ity, since it is alWays required to process broad-band signals at 
a high sampling clock. 

If, for example, a very broad-band digital signal (RF band 
Width B) is to be synchronized, i.e. if either ?xed, knoWn 
synchronization signals (preambles) are to be found in a 
continuous receive signal, or if ?xed, knoWn preambles are to 
be found Within signal sections (signal bursts), the receive 
signal must be sampled and processed, on the grounds of the 
sampling theorem, at least With a bandWidth B so as to ?nd the 
synchronization signals. If the transmitter or the receiver have 
just been sWitched on, there is as yet no information Whatso 
ever about Where the synchronization signal (preamble) 
might be, for example. 

For this reason, the entire receive signal must be sampled 
and processed at the high bandWidth B over a relatively long 
period. If sampling is effected, for example, at a bandWidth of 
77 MHz to 100 MHz, 100 million tests per second Will have 
to be performed With regard to the preamble start, i.e. With 
regard to a start of the preamble in the receive signal, in order 
to ?nd the preamble Without prior information. If one cross 
correlation, for example, is conducted in each test, each test 
involves a very large number of computing operations Which 
require considerable system resources. A direct or blind (on 
line) search, for example, for a preamble in a broad-band 
signal is impossible due to this high expenditure. 

SUMMARY OF THE INVENTION 

It is the object of the present invention to provide a syn 
chronization concept reduced in expenditure. 

In accordance With a ?rst aspect, the invention provides a 
synchronization device for determining a position of a syn 
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2 
chronization signal in a receive signal, the synchronization 
signal being based on a coarse synchronization signal and a 
?ne synchronization signal, having: 

a signal processor con?gured to determine, based on the 
coarse synchronization signal, a section of the receive signal 
in Which is located the ?ne synchronization signal, and to 
determine in the section of the receive signal, based on the 
?ne synchronization signal, the position of the synchroniza 
tion signal in the receive signal for a synchronization, 

Wherein the signal processor is con?gured to detect the ?ne 
synchronization signal in the section of the receive signal, and 

Wherein the coarse synchronization signal has a bandWidth 
Which is smaller than a bandWidth of the ?ne synchronization 
signal, the signal processor being con?gured to perform a 
detection of the coarse synchronization signal in the receive 
signal at a ?rst sampling rate, and to perform a detection of the 
?ne synchronization signal at a second sampling rate, the 
second sampling rate being higher than the ?rst sampling rate. 

In accordance With a second aspect, the invention provides 
a device for synchronizing a receiver and a transmitter, the 
transmitter being con?gured to send out a synchronization 
signal Which is based on a coarse synchronization signal for a 
coarse synchronization, and on a ?ne synchronization signal 
for a ?ne synchronization, having: 

a sampler for sampling a receive version of the synchroni 
zation signal to provide a receive signal; 

a synchronization device for determining a position of a 
synchronization signal in a receive signal, the synchroniza 
tion signal being based on a coarse synchronization signal 
and a ?ne synchronization signal, having: 

a signal processor con?gured to determine, based on the 
coarse synchronization signal, a section of the receive 
signal in Which is located the ?ne synchronization sig 
nal, and to determine in the section of the receive signal, 
based on the ?ne synchronization signal, the position of 
the synchronization signal in the receive signal for a 
synchronization, 

Wherein the signal processor is con?gured to detect the ?ne 
synchronization signal in the section of the receive sig 
nal, and 

Wherein the coarse synchronization signal has a bandWidth 
Which is smaller than a bandWidth of the ?ne synchro 
nization signal, the signal processor being con?gured to 
perform a detection of the coarse synchronization signal 
in the receive signal at a ?rst sampling rate, and to 
perform a detection of the ?ne synchronization signal at 
a second sampling rate, the second sampling rate being 
higher than the ?rst sampling rate, 

the synchronization device being con?gured to provide a 
position signal Which indicates a position of the synchroni 
zation signal in the receive signal; and 

a controller for controlling a sampling time of the sampler 
in dependence on the position signal so as to synchronize the 
receiver and the transmitter. 

In accordance With a third aspect, the invention provides a 
device for generating a synchronization signal Which may be 
sent out to synchronize a receiver and a transmitter, having: 

a coarse synchronization signal provider for providing a 
coarse synchronization signal having a ?rst bandWidth, and a 
?ne synchronization signal having a second bandWidth, the 
?rst bandWidth being smaller than the second bandWidth; and 

a synchronization signal provider for providing the syn 
chronization signal using the coarse synchronization signal 
and the ?ne synchronization signal. 

In accordance With a fourth aspect, the invention provides 
a synchronization method for determining a position of a 
synchronization signal in a receive signal, the synchroniza 
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tion signal being based on a coarse synchronization signal 
and a ?ne synchronization signal, the method including the 
steps of: 

determining a section of a receive signal in Which is located 
the ?ne synchronization signal, on the basis of the coarse 
synchronization signal; 

determining the position of the synchronization signal in 
the receive signal for a synchronization on the basis of the ?ne 
synchronization signal in the section of the receive signal, 

Wherein the step of determining the position of the syn 
chronization signal in the receive signal includes the step of 
detecting the ?ne synchronization signal in the receive signal, 

Wherein the coarse synchronization signal has a bandWidth 
Which is smaller than a bandWidth of the ?ne synchronization 
signal, 

Wherein a detection of the coarse synchronization signal in 
the receive signal is performed at a ?rst sampling rate, 

Wherein a detection of the ?ne synchronization signal is 
performed at a second sampling rate, and 

Wherein the second sampling rate is higher than the ?rst 
sampling rate. 

In accordance With a ?fth aspect, the invention provides a 
method for synchronizing a receiver and a transmitter, the 
transmitter being con?gured to send out a synchronization 
signal Which is based on a coarse synchronization signal for a 
coarse synchronization, and on a ?ne synchronization signal 
for a ?ne synchronization, the method including the steps of: 

sampling a receive version of the synchronization signal so 
as to provide a receive signal; 

performing the synchronization method for determining a 
position of a synchronization signal in a receive signal, the 
synchronization signal being based on a coarse synchroniza 
tion signal and a ?ne synchronization signal, the method 
including the steps of: 

determining a section of a receive signal in Which is located 
the ?ne synchronization signal, on the basis of the coarse 
synchronization signal; 

determining the position of the synchronization signal in 
the receive signal for a synchronization on the basis of 
the ?ne synchronization signal in the section of the 
receive signal, 

Wherein the step of determining the position of the syn 
chronization signal in the receive signal includes the step 
of detecting the ?ne synchronization signal in the 
receive signal, 

Wherein the coarse synchronization signal has a bandWidth 
Which is smaller than a bandWidth of the ?ne synchro 
nization signal, 

Wherein a detection of the coarse synchronization signal in 
the receive signal is performed at a ?rst sampling rate, 

Wherein a detection of the ?ne synchronization signal is 
performed at a second sampling rate, and 

Wherein the second sampling rate is higher than the ?rst 
sampling rate, 

to obtain a position signal Which indicates a position of the 
synchronization signal in the receive signal; and 

controlling a sampling time in dependence on the position 
signal so as to synchronize the receiver and the transmitter. 

In accordance With a sixth aspect, the invention provides a 
method for generating a synchronization signal Which may be 
sent out to synchronize a receiver and a transmitter, the 
method including the steps of: 

providing a coarse synchronization signal having a ?rst 
bandWidth, and a ?ne synchronization signal having a second 
bandWidth, the ?rst bandWidth being smaller than the second 
bandWidth; and 
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4 
providing the synchronization signal using the coarse syn 

chronization signal and the ?ne synchronization signal. 
The present invention is based on the ?ndings that synchro 

nization of a receiver and a transmitter may be performed at 
reduced expenditure in an e?icient manner if the synchroni 
zation is performed in tWo stages. In accordance With the 
invention, a coarse synchronization is initially performed on 
the basis of a coarse synchronization signal Which is narroW 
band, the coarse synchronization signal being part of a syn 
chronization signal. In accordance With the invention, a sec 
tion of a receive signal, Which includes the synchronization 
signal, is initially detected in this manner. Since the coarse 
synchronization signal is narroW-band, coarse synchroniza 
tion may be conducted in a cost-ef?cient manner at a loW 
processing rate. At a second stage, a broad-band ?ne synchro 
nization signal, Which is also included in the synchronization 
signal, is searched for in the detected section of the receive 
signal so as to precisely determine a position of the ?ne 
synchronization signal in the section of the receive signal in 
order to precisely locate the synchronization signal in the 
receive signal. Since the ?ne synchronization signal is more 
broad-band than the coarse synchronization signal, the ?ne 
synchronization, ie the precise determination of the position 
of the synchronization signal in the receive signal, is per 
formed at a higher processing rate than With the coarse syn 
chronization signal. 
The inventive synchronization concept is based on the fact 

that a synchronization signal Which may be sent out by a 
transmitter, is based on the coarse synchronization signal and 
on the ?ne synchronization signal. Preferably, the synchroni 
zation signal includes the coarse synchronization signal and 
the ?ne synchronization signal, it being possible for the ?ne 
synchronization signal to be sent out, preferably, temporally 
after the coarse synchronization signal, and the ?ne synchro 
nization signal having a larger bandWidth than the coarse 
synchronization signal. 
To determine the position of the synchronization signal in 

the receive signal for a synchronization, the present invention 
provides a signal processing means con?gured to determine, 
based on the coarse synchronization signal, that section of the 
receive signal in Which is located the ?ne synchronization 
signal, and to determine, on the basis of the ?ne synchroni 
zation signal, in the section of the receive signal, the position 
of the synchronization signal in the receive signal for a syn 
chronization. 

Preferably, the signal processing means is con?gured to 
detect the coarse synchronization signal in the receive signal 
so as to determine the section of the receive signal. The 
section of the receive signal is determined, for example, by a 
time of detection of the coarse synchronization signal (time of 
detection). To determine the position of the synchronization 
signal in the receive signal, the signal processing means is 
con?gured to detect the ?ne synchronization signal in that 
section of the receive signal Which has been approximately 
determined on the basis of the coarse synchronization signal. 

Since, in accordance With the invention, the coarse syn 
chronization signal has a smaller bandWidth than the ?ne 
synchronization signal, detection of the coarse synchroniza 
tion signal may be performed at a loW processing rate in order 
to save signal processing resources. Detection of the ?ne 
synchronization signal, hoWever, is performed at a higher 
processing rate, so that signal processing resources may be 
distributed in a targeted manner. For this purpose, the signal 
processing means is con?gured to perform the detection of 
the coarse synchronization signal in the receive signal at a 
?rst sampling rate and to perform a detection of the ?ne 
synchronization signal at a second sampling rate, the second 
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sampling rate being higher than the ?rst sampling rate. The 
term “sampling rate”, Which refers to the term “processing 
rate” Will be used in the following to refer to a number of 
operations per time unit, i.e. the clock rate. 

Since on account of the sampling theorem, a sampling rate 
is prede?ned by the signal bandWidth, the search for the 
coarse synchronization signal, Which is preferably narroW 
band, may be performed at a loW sampling clock (processing 
clock). By contrast, the search for the ?ne synchronization 
signal is performed at a higher processing clock associated 
With a higher sampling rate. The reduction in expenditure 
achieved during the ?rst synchronization phase (coarse syn 
chronization) may therefore be signi?cant in case of a large 
ratio of the bandWidths toWard one another. 

In accordance With the invention, the synchronization pro 
cess is further accelerated, since in the coarse synchronization 
phase, the section in Which is located the ?ne synchronization 
signal, is preferably determined in approximate terms only. 
To determine the section of the receive signal, it is therefore 
suf?cient for the signal processing means to merely detect an 
occurrence of the coarse synchronization signal. 

Preferably, the signal processing means is con?gured to 
conduct a correlation (for example a cross-correlation) 
betWeen the receive signal and a signal correlated With the 
coarse synchronization signal, so as to detect the coarse syn 
chronization signal in the receive signal. This correlation may 
be conducted continuously at a loW sampling rate, so that the 
receive signal is searched at reduced expenditure, so as to 
approximately determine that section of the receive signal in 
Which is located the ?ne synchronization signal. 

In order to determine the position of the ?ne synchroniza 
tion signal in the section of the receive signal, and thus the 
position of the synchronization signal in the receive signal, 
the signal processing means is preferably con?gured to per 
form a correlation betWeen the section of the receive signal 
and a signal correlated With the ?ne synchronization signal. 
This correlation is performed, in accordance With the inven 
tion, at a higher sampling rate at a high processing clock so as 
to precisely detect the position of the synchronization signal. 

The signal correlated With the coarse synchronization sig 
nal may be, for example, a copy of the coarse synchronization 
signal knoWn to the receiver. By analogy thereWith, the signal 
correlated With the ?ne synchronization signal may be a copy 
of the ?ne synchronization signal Which is knoWn to the 
receiver. 
As has already been mentioned, the synchronization signal 

includes the coarse synchronization signal (also referred to by 
acquisition burst orA burst in the folloWing) as Well as the ?ne 
synchronization signal (also referred to by tracking burst or T 
burst). For example, the synchronization signal (preamble) 
consists of tWo parts, so that, in accordance With the inven 
tion, a divided search is conducted. The one part of the pre 
amble exhibits a relative loW bandWidth BA, Which enables 
an on-line search, ie a search continuously conducted over a 
relatively long period until the ?ne synchronization signal has 
been found. For this purpose, for example, the respective 
subfrequency range of bandWidth BA is ?ltered out from the 
receive signal of the Width B, and is sampled at a relatively 
loW sampling rate (order of magnitude of BA). The further 
data processing and search must also be conducted at the 
clock BA. Due to this A burst, the approximate position of the 
other preamble (?ne synchronization signal) may be deter 
mined. Due to the loW bandWidth BA, hoWever, the positional 
accuracy is very loW. By contrast, the ?ne synchronization 
signal, for example, exhibits the full bandWidth B. A search 
WindoW is opened up around the expected position, predicted 
by the A burst, of the T burst in the receive signal (section of 
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6 
the receive signal). Within this WindoW, the receive signal of 
the full bandWidth B is sampled and processed at clock B. 
Because of the restriction to one WindoW, processing 
becomes possible despite the high bandWidth, it noW being 
possible to determine the position of the T burst With high 
accuracy. For this purpose, a correlation is calculated, as has 
already been mentioned by Way of example. For example, at 
a bandWidth BA:6 MHz and a bandWidth B:77 MHz, a 
reduction in expenditure by a factor of 16 may be achieved 
With regard to processing at clock B. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further preferred embodiments of the present invention 
Will be explained beloW in more detail With reference to the 
accompanying ?gures, Wherein: 

FIG. 1 is a basic block diagram of an inventive synchroni 
zation device for determining a position of a synchronization 
signal in a receive signal; 

FIG. 2 is a block diagram of a synchronization device in 
accordance With a further embodiment; 

FIG. 3 shoWs the temporal connections; 
FIG. 4 shoWs four time signals, by Way of example; 
FIG. 5 is a calculating speci?cation; 
FIG. 6 is a How chart of the inventive signal processing; 
FIG. 7 is an example of a pre-trigger; 
FIG. 8 is a calculating speci?cation; 
FIG. 9 shoWs a basic architecture of an inventive receiver 

for the acquisition; 
FIG. 10 is an association speci?cation; 
FIG. 11 is a constellation diagram; 
FIG. 12 is a transfer function of a ?lter; 
FIG. 1311 shows a distribution of the complex signal to 9 

different frequency bands; 
FIG. 13b is a frequency table; 
FIG. 14 shoWs anA burst; 
FIG. 15 shoWs distances in the burst multiplex; 
FIG. 16 is a block diagram of a systematic encoder for 

CRC-l2 code; 
FIG. 17 is a block diagram of a temporally limited recur 

sive systematic convolutional encoder; and 
FIG. 18 shoWs a generation of the T burst. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The synchronization device includes a ?rst detection 
means 101 With an input, and an output coupled to a second 
detection means 103. The second detection means includes an 
input, coupled to the input of the ?rst detection means, and an 
output. 

In accordance With the invention, a receive signal may be 
applied to the input of the ?rst detection means 101, it being 
possible for the receive signal, as is represented in FIG. 1, to 
include a synchronization signal consisting of a coarse syn 
chronization signal 105 and a ?ne synchronization signal 107. 
The ?rst detection means 101 is con?gured to detect the 

coarse synchronization signal in the receive signal so as to 
detect that section of the receive signal in Which is located the 
?ne synchronization signal. Once the coarse synchronization 
signal has been detected, the ?rst detection means 101 pro 
vides information about a section of the receive signal in 
Which is located the ?ne synchronization signal to the second 
detection means 103 via the output. The second detection 
means 103 is con?gured to detect a position of the ?ne syn 
chronization signal in the section of the receive signal and to 
output information about the position of the synchronization 
































